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ABSTRACT
Procambarus clarkii are found in extremely low numbers throughout Lake 
Mead, AZ-NV. The crayfish are an important dietary component for game fish. 
Enhancement of the crayfish population would broaden the fishery forage base. 
Crayfish were stocked and monitored in a study cove on Saddle Island to determine 
if the Procambarus clarkii population could be enhanced. A trapping survey of the 
area after the following reproductive season yielded low numbers of crayfish. A 
comparison of pre-stocking and post-stocking catch per trap day (CPTD) values 
revealed no significant increase in the population. Procambarus clarkii population 
growth is limited by environmental factors in Lake Mead. If management plans 
indicate that a large crayfish population is needed for the Lake Mead fishery, 
stocking of Orconectes virilis is recommended.
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The red swamp crayfish, Procambarus clarkii. is one of the most widely 
recognized species of crayfish in the world. It is a major commercial crop for human 
consumption along the Gulf Coast and southeastern United States and is raised as 
fish bait in the Midwest and parts of the West Coast. Procambarus clarkii have been 
extensively studied by physiologists, aquaculturists, and ecologists.
Distribution
The natural range of P. clarkii has been documented over the last fifty years. 
Penn (1943) described the range as principally the Gulf Coastal Plain from 
Alabama to western Texas, extending north to Little Rock, Arkansas. More recent 
descriptions of the natural range (Huner and Barr 1984, Hobbs 1988) encompass the 
Mississippi River Valley up to the Great Lakes, reaching southeasterly into Florida, 
and west into New Mexico (Figure 1).
P. clarkii has been introduced into areas outside its natural range (Figure 1). 
In the United States it has been introduced along the Eastern Seaboard up to New 
York and in the western states of Arizona, Nevada, California, Oregon, and as far 
as Hawaii (Bonnot 1930, Huner 1977,1978, Bouchard 1978, Sommer and Goldman 
1983, Sommer 1984, Huner and Barr 1984, Hobbs 1988). It has been conjectured 
that many of the introductions in the United States have been "accidental". As live 
crayfish are a popular fish bait, fishermen have been the vector of many
Introduced
Figure 1. Distribution of Procambarus clarkii in the continental United States. The 
acutual range within the state is not shown (modified from Huner and Barr 1984).
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introductions. Many states have restricted the use of live crayfish as bait because 
endemic crayfish species have been out-competed or endangered by the exotic 
crayfish (Rach and Bills 1989).
Life History
Introduced P. clarkii usually thrive in their new environment (Huner 1977, 
Lowery and Mendes 1977). This is often attributed to their life history. Penn (1943) 
and Huner and Barr (1984) have developed detailed life histories for this species, 
so I will briefly describe their findings and observations. P. clarkii have peak mating 
seasons in early-spring and in fall and sporadic mating occurs in the summer. In 
Southern Nevada, I have observed that P. clarkii mated throughout the year. This 
species produces one to two generations of offspring per year (Penn 1943, Huner 
and Barr 1984, Momot 1984).
Under favorable environmental conditions, eggs will be extruded on to the 
abdomen of the female six weeks after a successful mating. If conditions are not 
favorable, the eggs may "over-winter" in the ovary for up to eight months. P. clarkii 
usually produce twelve to seven hundred eggs per successful mating (Momot 1984). 
According to Romaire (1976), twenty-four to forty-seven percent of these eggs will 
survive to adult stages. The eggs will hatch into larval crayfish which continue to be 
attached to the female. Larval crayfish will become independent from the female 
after two to three molts.
Growth of P. clarkii juveniles is dependent on environmental factors. 
Juveniles molt at least nine more times before they reach maturity (Huner and Barr
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1984). In favorable conditions, this may occur in as little as two to three months 
(Huner and Avault 1976). Carapace lengths (Figure 2) of mature crayfish measure 
30 millimeters or greater.
Crayfish continue to grow throughout their life span by molting. Average 
carapace lengths measure 45 millimeters after the first year and 65 millimeters after 
one and one-half years (Momot 1984). Like other cambarids, adult male P. clarkii 
molt from a sexually active form (Form I) to a sexually inactive form (Form II) and 
vice versa. Form I may be differentiated from Form II by the presence of large 
ischial spines on the second pair of walking legs. Both forms may try to mate with 
females, but only Form I males are capable of producing viable sperm. The P. 
clarkii life span generally lasts from one to two years (Penn 1943, Huner and Barr 
1984, Momot 1984).
Habitat Requirements
Crayfish growth and longevity depends upon many environmental factors 
(Table 1). Many studies have investigated crayfish habitats and their physical, 
chemical, and biological parameters and/or preferences. Studies of their natural 
habitats in Louisiana (Penn 1943, Konikoff 1977, Pollard et.al. 1983) show that P. 
clarkii prefer shallow, eutrophic, slow-moving water or swamps. As a burrower, this 
species is well-adapted to alternating periods of flooding and receding water levels.
Much of the literature (Penn 1943, Konikoff 1977, Welles 1982, Huner and 
Barr 1984) cites that P. clarkii prefer shallow water approximately one-half meter in 
depth. When dewatering occurs, this crayfish forms burrows in the mud with
CL
-TL
TL = Total length 
CL = Carapace length
Figure 2. Dorsal and ventral view of crayfish. Standard length measurements shown 
on dorsal view (modified from Huner and Barr 1984).
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T a b le  1. S u m m a r y  o f  p re fe re n ce  o r  r a n g e  o f  en v i ro n m e n ta l  condi t ions  for 
P ro c a m b a r u s  c larki i .
En v i ro n m e n ta l
Cond i t i on
Pre fe rence*  or  Range
W a t e r  D e p t h ~ 0 .5  m e te r s  *
C over Rock ,  Plants ,  M u d
Nut r i en t s Plant  det r i tu s  * 
T h i n - s t e m m e d  aqua t ic  p lants  
A n im a l  det r i t us  
Benthic  animals
pH 6.5 - 8.5 *
Disso lved  Oxygen > 2.0 p p m
W a t e r  T e m p e r a t u r e 0 - 37 ° C 
22 - 30 ° C
H a r d n e s s  and Alkal ini ty > 50 p p m  as C a C O ,  
100-150 p p m  as C a C 0 3 *
Salinity < 5 ppt
chimneys extending above the ground five to ten centimeters. In studies in lakes, 
this species has been trapped at greater depths, expecially when conditions in the 
littoral zone become unfavorable. Witzig et.al. (1983) found crayfish showed no 
preference for shallow or deep water when littoral vegetation was not available for 
cover or sustenance.
Crayfish are crepuscular to nocturnal (Perm 1956). These opportunistic 
hunters are polytrophic in that they consume detritus, plants, and animals. Plant 
detritus comprises the major part of their diet, followed by living plant material and 
animals (Williamson 1979, Huner and Barr 1984, Lodge and Lorman 1987). Most 
thin-stemmed aquatic plants, algae, and periphyton are consumed by crayfish. 
Lorman and Magnuson (1978) support stocking crayfish to control aquatic 
macrophytes. Plants are a major nutrient; but when crayfish are inactive, plants also 
serve as cover.
Crayfish seek shelter not only in vegetation, but also in mud, gravel, and 
rocks. The origin of the word "crayfish" is thought to be from the Old French 
"ecrevisse" meaning crevice (Penn 1943). Stein examined crayfish cover selections 
in the presence of predators. In tests using sand and gravel, crayfish migrated into 
gravel areas. Vulnerability to predators increased use of cover. Juveniles, being 
small and most vulnerable, are most likely to seek shelter. Recent molts (soft- 
shelled) and berried females (carrying eggs on abdomen) are the most susceptible 
adult forms in terms of predation. They seek shelter and reduce activity until they 
change life stages. Crayfish will utilize cover closely related to a food source (Flint 
and Goldman 1977), thus reducing vulnerability when feeding.
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Beingesser and Copp (1985) observed diurnal distributions of P. clarkii in a 
clear California stream. Adults took cover in sheltered areas such as undercut 
banks, while juveniles occupied open, exposed portions of the stream. This study 
does not agree with Stein’s study (1977), but predation may have been less severe 
or color patterns may have been a factor. In a stream bed of mud, the juvenile color 
morph of greenish-brown may serve as camouflage. Adult P. clarkii color may vary 
from orange-red to a red-black. With this coloration, rock or vegetation would 
provide better cover for adults. Stein (1977) also noted that with the exception of 
berried females, the most aggressive crayfish -- the adults with the largest chelae - 
- out-competed all others for shelter.
Color variation in P. clarkii is linked to the pH and turbidity of the water. 
Clear, acidic waters produce dark red or black crayfish. Murky, alkaline waters 
have tannish-orange to orange-red colored adults (Huner and Barr 1984). Studies 
involving low environmental pH (France 1984, 1985, Berrill et.al. 1985) show that 
crayfish will tolerate a large range of pH. A range of 6.5 to 8.5 is preferred. 
Juveniles and molting crayfish are the most sensitive to adverse pH as low pH 
inhibits calcium uptake across the gills.
In soft water with a pH 6.1 or less, juvenile mortality is observed. Adults will 
avoid an environment with a pH of 4.5 or lower. France (1984) maintained that an 
average annual pH below 5.5 could result in eventual population extinction due to 
mortality of juveniles.
Juveniles are also affected by low dissolved oxygen levels. Melancon and 
Avault (1977) determined LC50 values for acute dissolved oxygen depletion in two
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size classes of juveniles. Newly released P. clarkii with a total length (TL) of nine 
to twelve millimeters had a LC50 for 96 hour range of 0.75-1.10 parts per million 
oxygen. Larger juveniles (TL= 31-35 mm) had a lower tolerance with an LC50 
value for 96 hours of 0.49 parts per million oxygen. Crayfish that are stressed for 
oxygen will move to more highly oxygenated water or will turn on their sides at the 
water surface and utilize atmospheric oxygen (Penn 1943, Konikoff 1977, Huner and 
Barr 1984). Huner and Barr (1984) recommend pond aeration any time water 
temperature exceeds 18 ° C to insure that oxygen levels are above 2.0 parts per 
million.
As water temperature affects the solubility of exygen and many other 
molecules in water, it plays an important role in crayfish habitat. Even with all other 
environmental factors being favorable, ambient water temperature can affect crayfish 
behavior and rate of activity (Peck 1985). Most commercial crayfisheries ship live 
crayfish packed in ice or ice water. The metabolism is slowed for transport to 
reduce mortality rates. If gradually warmed, crayfish revive with no harmful side- 
effects (Huner and Barr 1984). A temperature preferendum for P. clarkii was 
determined to be 21.96 _+ 0.65 ° C (Taylor 1984). Huner (1988) reports that molting 
rates increase in temperatures between 22 0 C to 30 0 C.
Other environmental conditions of crayfish habitat have been determined. 
Huner and Linquist (1985) observed that a total hardness and alkalinity of greater 
than fifty parts per million as calcium carbonate was needed for successful molting. 
A range of one-hundred to one-hundred fifty parts per million of calcium carbonate 
is recommended. Other recommendations of water quality include: salinity of less
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than twelve parts per thousand for survival and less than five parts per thousand for 
reproduction (Malley 1980); above three parts per million carbon dioxide; below five 
parts per million hydrogen sulfide; and less than three parts per million iron (Huner 
1988). As a variety of freshwater systems have suitable ranges of the previously 
mentioned environmental factors, P. clarkii has developed a large natural and 
introduced distribution.
Impacts of introductions
Introductions of crayfish have been studied to determine their impacts (Huner 
1977, Loweiy and Mendes 1977, Grigarick and Way 1982, Pickett and Sloan 1985). 
The purpose for many introductions has been to establish a new food crop or 
provide forage for game fish or other consumers. These introductions often fulfilled 
their purposes; unfortunately, many introductions created unexpected problems. 
Introductions of Orconectes rusticus into the Upper Mississippi Valley has caused 
crayfish species displacements, macrophyte reductions (resulting in elimination of fish 
cover and nesting sites), elimination or devestation of benthic insects, and reduction 
of fish populations due to consumption of eggs (Capelli 1982, Flynn and Hobbs 1984, 
Butler and Stein 1985, Lodge et.al. 1985). Lodge et.al. (1985) concluded that this 
introduction has "short-circuited" the food chain at two levels; replacing other 
invertebrates as top grazers and small fish as secondary predators. They suggest that 
this crayfish will eventually replace the game fish as top predators. Pickett and 
Sloan (1985) observed similar results from introductions of Procambarus acutus 
acutus in Glass Lake, Rensselaer County, New York.
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Introductions of Procambarus clarkii have predominated over endemic 
Pacifastacus species in California (Goldman 1973), however crop damage to the rice 
fields is the most reported problem. Sommer (1984) documented that introduced 
P. clarkii adapted well to California rice fields and were beneficial as a high-yield 
food crop. Conversely, in earlier papers (Grigarick and Way 1982, Sommer and 
Goldman 1983) he and others described P. clarkii as "pests". Grigarick and Way 
(1982) found that infestations of P. clarkii caused rice seedling reductions of seventy 
to one-hundred percent. P. clarkii have also caused damage to levees and irrigation 
boxes in rice fields. Sommer and Goldman (1983) estimated that the crayfish may 
cost growers in excess of one-hundred fifty thousand dollars per year.
Huner (1977) reveals that P. clarkii introductions in Japan have created 
serious problems in rice fields, and in Hawaii the introductions have resulted in 
significant losses to taro crops. Huner (1977) also reports that introductions into 
Uganda, Sudan, Costa Rica, Nicaragua, and Spain have been successful and had no 
adverse repercussions.
Lowery and Mendes (1977) examined the effects of P. clarkii introductions 
to fisheries in Kenya. A crayfish fishery in Kenya had not been established as of 
their paper, but they discussed potential yields. They did find that existing fisheries 
were effected by the crayfish. In a positive aspect, P. clarkii provided up to seventy 
percent of black bass (Micropterus salmonoidesl forage. Adversely, the crayfish 
damage fish after they are caught in the gill nets. Fishermen claim that up to thirty 
percent of their bass harvest is spoiled and the crayfish also cause severe damage to 
the gill nets.
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Unestam (1975) discussed dangers of crayfish introductions and proposed 
restrictions. He expressed concern over the spread of the crayfish plague or other 
diseases via introductions. Unestam felt that the negative aspects outweigh the 
benefits. Huner and Barr (1984) contend that "one would never think twice about 
moving cattle, sheep, and goats around the world, even though native herbivores 
might be suitable for domestication." Crayfish introductions must be examined with 




Procambarus clarkii are not native to Southern Nevada. The earliest 
literature citation is entitled Notes on the Las Vegas Crayfish by T.D.A. Cockerell 
dated 1900. This article is listed in a Smithsonian Institute crayfish bibliography 
(Hart and Clark 1987), however a copy of this article was unobtainable. Soon after 
Lake Mead was formed, Moffett (1943) reported that he had heard of the presence 
of crayfish in the lake, but had not observed any. Zinn collected several specimens 
of P. clarkii in the Las Vegas River (presently called the Las Vegas Wash), Las 
Vegas, Nevada in the fall of 1944. Investigations of how or when the crayfish was 
introduced yielded no answers (Hobbs and Zinn 1948).
Jonez and Sumner (1954) surveyed Lake Mead for crayfish but found no 
specimens. Crayfish sightings in Lake Mead were unconfirmed until Allan and
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Romero (1975) sampled bass stomachs and found that crayfish were a predominant 
forage. Allan and Roden (1978) collected several specimens of crayfish in Lake 
Mead and sent them to the California Academy of Science for identification. All 
adult members of the collection were identified as Procambarus clarkii. It was not 
until 1986 that enough interest in the Lake Mead crayfish population was generated 
to support a study.
Lake-wide Survey (1986-19871
A lake-wide survey for crayfish was conducted by the Lake Mead 
Limnological Research Center (LMLRC), University of Nevada, Las Vegas, from 
October 1986 through July 1987. Quarterly trapping was performed in Lake Mead 
to determine the abundance of P. clarkii. During the 1834 trap days, a total of 
eighty crayfish were collected. Crayfish were distributed throughout the lake (Figure 
3) and were reproductively active; however, densities were extremely low (Peck et.al. 
1987).
The quantifying unit of relative abundance for crayfish populations used in 
crayfish literature is the Catch Per Trap Day (CPTD). This is the total number of 
crayfish caught divided by the number of traps set over a twelve-hour period.
Total number of crayfish in traps
CPTD = ----------------------------------------------
Total number of traps set
The lake-wide CPTD value was 0.06. The study divided the lake into nine 
limnological zones (Figure 3) and calculated the CPTD for each zone. The relative
Figure 3. Distribution of Procambarus clarkii in Lake Mead from Lake Mead 




abundance in the zones revealed that distribution was not homogeneous throughout 
Lake Mead. The CPTD values for the zones (Table 2) ranged from 0.01 in the 
Colorado Arm to 0.10 in Outer Las Vegas Bay (Peck et.al. 1987). These CPTD 
values are extremely low in comparison to CPTD values in Louisiana where P. 
clarkii are endemic. Konikoff (1977) observed peak CPTD values of sixty-two in the 
Atchafalaya Basin of Louisiana but considered a CPTD range of ten to thirty-two 
to be a good relative abundance. The LMLRC study showed that P. clarkii had 
established a foothold in Lake Mead but not a strong one.
STATEMENT OF RESEARCH HYPOTHESIS AND OBJECTIVES
After the LMLRC study was completed, the Nevada Department of Wildlife 
(NDOW) expressed an interest in crayfish population dynamics and crayfish 
stockings or introductions in Lake Mead. The NDOW creel census determined that 
Procambarus clarkii serve as an important food source for largemouth bass 
fMicropterus salmoides! and striped bass (Morone saxatilisl. The bass fishery in 
Lake Mead has declined since 1978 and small and emaciated fish have been 
observed since the early 1980’s (Paulson and Baker 1984). Augmenting the crayfish 
population would result in a larger forage base for game fish and bolster a fishery 
which brings in revenues of over seventy million dollars per year (W. Molini, 
personal communication). The NDOW contracted the LMLRC to study the 
potential for stocking Procambarus clarkii in Lake Mead to improve the forage base.
This thesis research was a part of that NDOW/LMLRC study. My goal was 
to determine if the P. clarkii population could be increased through stocking. My
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T a b le  2. C a tch  p e r  t rap  clay (C P T D )  va lues  for P ro c a m b a ru s  clarkii in nine 
l im nological zo n es  o f  Lake  M ea d  (see  F ig u re  3) from  1986-1987 survey.
L im nolog ica l  Z o n e  C P T D  V a lu e
1 In n e r  Las V egas  Bay 0.02
2 O u te r  Las V egas  Bay 0.10
3 B o u ld e r  Basin 0.02
4 Virgin Basin 0.02
5 L o w e r  O v e r to n  A rm 0.02
6 U p p e r  O v e r to n  A rm 0.03
7 L o w er  C o lo ra d o  R iver A rm 0.01
8 M idd le  C o lo ra d o  R iver A rm 0.01
9 U p p e r  C o lo ra d o  R iver A rm 0.02
research hypothesis is that a stocking program is successful if the mean CPTD value 
after stocking is significantly increased in comparison to the mean CPTD value 
before stocking.
The objectives of this study were to:
1. Determine the CPTD value of the proposed study area from the 
data of the LMLRC lake-wide trapping survey.
2. Stock crayfish in the proposed study area and determine the CPTD 
for each introduction.
3. Execute a follow-up survey of the proposed study area after the 
reproductive season following the last introduction and determine 
the CPTD.
4. Evaluate the success of the stocking program in regard to the 
research hypothesis and discuss future management plans for the 
crayfish of Lake Mead.
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D E S C R I P T I O N  O F  STU D Y  A R EA
L A K E  M E A D
L ak e  M e a d  (F igu re  3, T a b le  3) was c rea ted  by the  c o m p le t io n  o f  H o o v er  
D arn  in 1935. L o ca ted  on the low er C o lo ra d o  R iver, it fo rm s  a  b o rd e r  be tw een  
M o h a v e  C ounty ,  A rizo n a  an d  C la rk  C ounty , N evada .  L a k e  M e a d  is o n e  o f  the 
la rges t  m a n -m a d e  lakes  in th e  U n i te d  S ta tes  with  a v o lu m e  o f  36.0 k m 3 and  a 
su rface  a r e a  of 660.0 km 2 a t  m ax im u m  o p e ra t in g  level o f  374.0 m e te rs .  Its 
m ax im u m  leng th  and  width  a re  183.0 km and  28.0 km, respectively . It has a 
m ax im u m  d ep th  o f  180 m e te rs  an d  a m ean  d ep th  o f  55 m ete rs .  R e te n t io n  tim e is 
3.7 y ea rs  (P au lso n  and  B aker  1984).
L ak e  M ea d  lies with highly d issec ted  fau lt  b lock  ranges  b o rd e re d  by alluvial 
fans (T h o rn b u ry  1965). It has a  rugged  to p o g rap h y  an d  a highly convolu ted  
sh o re lin e .  T h e  sh o re lin e  is co m p rised  o f  n u m ero u s  coves an d  po in ts  an d  m easu res  
885 km  (a t m axim um  o p e ra t in g  level). L im nological co n d it io n s  have been 
tho ro u g h ly  d o c u m e n te d  (for exam ple :  P au lson  et.al. 1980, Pau lson  an d  B ak e r  1984) 
and  in g en e ra l ,  L ak e  M ead  is c lassified as ex trem ely  o l ig o tro p h ic  with m easu red  
o r th o p h o s p h o ru s  levels be low  0.001 m g / L  (P au lso n  an d  B a k e r  1984).
S A D D L E  IS L A N D
As L ak e  M ead  covers such  a large a rea ,  a sm a l le r  s tock ing  a r e a  was 
des ig n a ted .  Sadd le  Island (B o u ld e r  B each  Q u a d ran g le ,  N e v ad a -A r izo n a ,  T 22S .R 64E , 
S 2 ,3 ,1 0 ,U )  w as chosen  with the following justif ications:
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T a b le  3. M o rp h o m e tr ic  ch a rac te r is tecs  o f  L a k e  M ead ,  A Z - N V  at a m ax im um  
o p e ra t in g  level o f  374.0 m ete rs .
P a ra m e te r L ak e  M ead
V o lu m e 36.0 k m 3
Surface  A rea 660.0 km 2
M axim um  L ength 183.0 km
M axim um  W idth 28.0 km
M ax im u m  D e p th 180.0 m
M e a n  D e p th 55.0 m
S h o re l in e 885.0 km
1. T h e  L M L R C  lake-w ide survey C P T D  values  w e re  h ighes t  in this a r e a  
ind ica t ing  th a t  e n v iro n m e n ta l  co n d it io n s  w e re  fav o rab le  for  a  crayfish 
p o p u la t io n .
2. T h e  a r e a  h ad  a  w ide ran g e  o f  h ab i ta ts  ava ilab le  for crayfish, including  mud, 
gravel, rocks, su b m erg ed  b rush ,  a q u a tic  plants , e m e rg e n t  plants , and  
in u n d a te d  te r re s tr ia l  plants .
3. D is ta n c e  f ro m  th e  sou rce  o f  crayfish s tock  a llow ed for successful 
t r a n s p o r ta t io n  o f  stock (low m orta l i ty  ra tes).
4. T h e  a r e a  was inaccessible to  re c re a t io n a l  sw im m ers  an d  w a te r  skiers 
(U n fo r tu n a te ly  all a reas  o f  the  lake a re  accessib le  by re c re a t io n a l  boa te rs  
an d  je t  skiers, so e q u ip m e n t  can b e  lost.)
5. P rev ious  L M L R C  studies o f  th e  a r e a  p rov ided  re fe re n ces  for identif ica tion  
o f  p lan ts  and  limnological charac te ris t ic s .
S ad d le  Island (F ig u re  4) is loca ted  in the  B o u ld e r  Basin  o f  L ak e  M e a d  in the 
region o f  the  O u te r  Las V egas Bay. T h is  a r e a  o f  the lake is o ligo troph ic . T h e  
island runs n o rth -so u th  with a m ax im um  length  o f  ap p ro x im a te ly  th re e  k i lom ete rs  
and  a m a x im u m  w idth  o f  app rox im a te ly  0.7 k ilom ete rs .  Sadd le  Is land is co nnec ted  
to th e  s h o re  by a  causeway. T h e  sh o re l in e  o f  th e  west s ide  o f  the  island has a 
g radua l  s lo p e  o f  rock, with light v eg e ta t io n  an d  m ud. T h e  sh o re l in e  o f  the  eas t  side 
has a s h a rp  drop-off, very rocky te rra in ,  and  sp arse  vegeta tion .
M u d d y
Rlverl
P ierce t  




C o v e ,
Figure 4. Location of study cove on Saddle Island.
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M E T H O D S
D A T A  S U R V E Y  F R O M  1987 S U R V E Y  
M e a n  C P T D  V a lu e
U n p u b l ish ed  raw  d a ta  from  th e  L M L R C  lake-w ide  crayfish t rap p in g  survey 
was used  to  d e te r m in e  the  m e a n  C P T D  value  o f  th e  study a re a  b e fo re  stocking  
o ccu rred .  T h e  a r e a  w as t ra p p e d  from  O c to b e r  1986 th ro u g h  Ju ly  1987. A  to ta l  o f  
tw o -h u n d red  twenty-five trap s  w e re  used  o v e r  n in e  c a le n d a r  days. A  C P T D  fo r  each  
o f  th e  n ine  c a le n d a r  days was d e te rm in e d  by d ivid ing th e  n u m b e r  o f  crayfish caugh t 
th a t  day by the to ta l n u m b e r  o f  t raps  se t  th a t  day. T h e  m e a n  C P T D  for Sadd le  
Is land for 1987 was ca lcu la ted  by taking the  m e a n  o f  the  n ine  C P T D  values. T h e  
s ta n d a rd  dev ia t ion  an d  s tan d a rd  e r ro r  w ere  also  ca lcu la ted .
Sex R a t io
T h e  ra tio  o f  ad u l t  fem a les  to adu lt  m ales  w as d e te rm in e d  for the  trap p in g  
p e r io d  o f  O c to b e r  1986 th rough  July 1987 in the  a r e a  o f  Sadd le  Island. T h is  ra tio  
was used  to m o n i to r  crayfish rep ro d u c t io n  dynam ics.
N D O W / L M L R C  C R A Y F I S H  I N T R O D U C T I O N S
C ollec tion
It was d ec id ed  tha t  crayfish w ere  to  be  s to ck ed  in the study cove on  a 
q u a r te r ly  basis du rin g  1988. T h e  four in tro d u c t io n s  o f  o n e - th o u sa n d  s ix -hundred  
crayfish each  w ould  a id  in m o n ito r in g  p o ten tia l  sea so n a l  effec ts  on  in troduc tions  tha t  
m ight not be see n  in o n e  m a jo r  in troduction .  T h e  N D O W  expressed  co n ce rn  over
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the  orig ins o f  th e  s tock  o f  crayfish. N D O W  re q u e s te d  tha t,  if feasib le ,  th e  crayfish 
shou ld  b e  co llec ted  f ro m  th e  L a k e  M e a d  d ra in a g e  basin . P ro c a m b a ru s  clarkii a re  
co m m o n  in  th e  L as  V egas  W ash  system  (L as  V egas, C la rk  C ounty , N e v a d a )  which 
d ra ins  in to  th e  In n e r  L as  V egas Bay (F ig u re  3). V arious  sites in th e  w ash  w ere  
t ra p p e d  to  find o p tim a l co llec tion  sites. Crayfish  w e re  t ra p p e d  using m innow  traps 
(41.9 cm  long, 22.7 cm  d ia m e te r )  w ith  th e  o p en ings  on each  en d  en la rg ed  to 
ap p ro x im a te ly  six cen tim ete rs .  T h e  trap s  w e re  b a i te d  with  ch icken  o r  fish p ieces  and 
se t  fo r  tw en ty -fou r  hours. T h e  co llec ted  crayfish w e re  m e a su re d  an d  sexed, then  
tra n sp o r te d  to  a lab o ra to ry  pond  to be  p ro cessed  for s tocking. C o llec t ion  for each 
q u a r te r ly  s tock ing  took  app rox im ate ly  o n e  w eek.
M ark ing
T h e  p rocess ing  o f  th e  crayfish en ta i led  m ark in g  th e m  so  they  could  be 
iden tif ied  a f te r  s tock ing  in the  s tudy cove. M ark ings  h ad  to: 1) b e  easy to  apply; 2) 
not d is tu rb  b eh av io r ;  and  3) w iths tand  m olting . Several m e th o d s  including 
f luo rescen t  dyeing, b randing , and  clipping an d  p u n ch ing  w ere  tr ied  p r io r  to the initial 
stocking. C lipp ing  and  punching  the  u ro p o d s  was found to be the m ost su itab le  
m e th o d .  A s crayfish have  four u ro p o d s ,  e a ch  s tocking  could  b e  r e p re s e n te d  by a 
specifically c l ip p ed  o r  pun ch ed  u ro p o d  (F ig u re  5). C rayfish s tocked  in d iffe ren t 
in t ro d u c t io n s  could  be d iffe ren t ia ted .  T h e  first in to d u c tio n  was re p re s e n te d  by 
clipping th e  m ost  distal u ro p o d  on  the left w hen  looking  on the  ven tra l  side. Each 
successive s tock ing  w as d en o ted  by c lipping o r  p u n ch in g  the  next u ro p o d  tow ard  the 
right.
4 3 2 1
Introduction
Number
Lot 1 Lot 2 Lot 3
Figure 5. Markings on stocked crayfish. Uropods were clipped to represent a 
different introduction. The type of mark differentiated between crayfish lots.
25
26
T h e  m ark ings  also  d e n o te d  th re e  d if fe ren t  lots as a way to m o n i to r  dispersal 
o f  crayfish a f te r  they  w e re  in t ro d u ce d  in to  th e  study cove. E a c h  lot w ould  be 
re le a sed  in  a  d if fe ren t  a r e a  o f  th e  s tudy cove. T h e  lo t  m ark in g s  w ould  show 
m o v em en t  o f  th e  crayfish in th e  cove by ho w  fa r  th e  crayfish was t ra p p e d  from  its 
lot re le ase  a re a .  T h e  co l lec ted  crayfish w e re  s e p a ra te d  in to  th re e  s e p a ra te  lots with 
each  lot h av in g  th e  s a m e  n u m b e r  o f  ad u l t  fem ales ,  F o rm  1 m ales ,  F o rm  II males, 
an d  ju v en iles  o f  each  sex. L o t  1 crayfish w e re  m a rk e d  with  o n e  ho le  in the 
a p p ro p r ia te  u ro p o d  using  a  le a th e r  p u n ch .  L o t  2 crayfish w e re  p u n c h e d  twice, and  
L o t  3 crayfish rece iv ed  a  d iagonal clip w ith  scissors (F ig u re  5).
R e lea se
Crayfish  w ere  tran sp o r te d  to the  study  cove on Sadd le  Island (F igu res  4, 6). 
T o  e n su re  low m orta li ty  ra tes, the ir  m e tab o l ism  was low ered  by t ran sp o r t in g  the 
crayfish in ice w a te r .  T h e  crayfish w e re  re le a se d  in th re e  lots.
E ac h  lot w as re le a sed  in a d iffe ren t  h ab i ta t  (F igu re  6). L o t  1 crayfish w ere  
re leased  on  a m ud  b an k  with so m e  a q u a tic  v eg e ta t io n  (N a jas  m ar in a  and  
P o ta m o g e to n  p e c t in a tu s ). As w a te r  levels r e c e d e d  du ring  the y e a r  (F ig u re  7), Lot 
1 h ab i ta t  w as co m p r ised  o f  sand, gravel, a n d  aq u a tic  vege ta t ion .  Lot 2 crayfish 
w e re  in t ro d u c e d  in a catta il  (T v p h a  la ta fo l ia ) s tand  with m u d  su b s tra te .  In la te r  
stockings th e  w a te r  levels d ro p p e d  be low  th e  s tand ,  an d  L o t  2 h a b i ta t  was p rim arily  
aq u a tic  p lan ts  w ith  m ud . L o t  3 crayfish w e re  re le a se d  on a gravel an d  rock 
em b a n k m e n t .  Lot 3 h ab i ta t  was not significantly a l te re d  with th e  falling w a te r  levels.
Figure 6. Diagram of study cove. Each lot of crayfish was released in a different 























J F M A M J  J A S O N D
Figure 7. Lake Mead water elevations (in feet) from January 1988 through 
December 1988. The August 1989 elevation is marked by the X.
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M o n ito r in g
M o n i to r in g  o f  the  crayfish b e g a n  two days a f te r  e a ch  stocking. F if teen  sets 
o f  eighty  m e te r  t rap  lines w e re  p laced  in th e  study a r e a  (F ig u re  8). E igh t  s tan d a rd  
m in n o w  trap s  (41.9 cm long, 22.7 cm  d ia m e te r )  with e n la rg e d  o p en ings  w ere  
a t ta c h e d  to  e a ch  line with a  spac ing  o f  t e n  m e te r s  b e tw e e n  e a ch  trap . T h e  traps 
w ere  b a i ted  with  chicken.
T h e  t rap s  w e re  checked  tw en ty -fou r  ho u rs  a f te r  b e in g  set. C rayfish cap tu red  
w ere  ch eck ed  for th e ir  in tro d u c tio n  an d  lot m ark ing . T h ey  w e re  also classified in 
re g a rd  to  age  (ad u lt  o r  ju v en ile )  an d  sex. F o rm s  o f  ad u l t  m a les  w e re  also noted. 
T h e  crayfish w e re  re le a sed  back  in to  th e  g e n e ra l  a r e a  o f  th e i r  c a p tu re .  T h e  trap lines  
w e re  re se t  an d  re tr iev ed  for fo u r  days an d  th e n  once  a w e e k  un ti l  th e  n u m b e r  of 
crayfish ca u g h t  was ten  p e rcen t  o r  less o f  th e  initial t rap  day  catch.
M ean  C P T D  V a lues
C P T D  values  w ere  d e te rm in e d  for each  t rap  day for each  o f  th e  quarte rly  
s tockings. T h e  m e a n  C P T D  value  o f  e a ch  in tro d u c tio n  w as ca lcu la ted  by averag ing  
the C P T D  v a lues  w ith in  the  in troduc tion .  T h e  s tan d a rd  d ev ia t io n  an d  s ta n d a rd  e r ro r  
w ere  also ca lcu la ted  for each  o f  the  four  m ean  C P T D  values.
Sex R a t io
T h e  sex ra tio  o f  m a tu re  fem a les  to m a tu re  m ales  was d e te rm in e d  for each  
q u a r te r ly  s tocking  o r  in troduc tion .  T h e  ra tios  w e re  used  to  m o n i to r  re p ro d u c t io n  
dynam ics.
Figure 8. Diagram of trap lines set in study cove.
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F A L L  T R A P P I N G  1989 
M o n ito r ing
A fte r  the  1989 p ea k  rep roduc tive  sea so n  was co m p le ted ,  a  t rap  survey o f  the 
a r e a  a ro u n d  S ad d le  Is land  was d o n e  to  d e te rm in e  th e  C P T D  value a f te r  s tocking  of 
crayfish. T h e  orig inal t rap p in g  p a t te rn  cou ld  n o t  b e  em p lo y ed  b ecau se  w a te r  levels 
w e re  too  low (F ig u re  7). T ra p  lines w e re  se t  in  tw o p a t te rn s ,  para lle l  to  the  sho re  
a n d  p e rp e n d ic u la r  to  the  shore .  T ra p  lines w e re  eighty  m e te r s  in  leng th  with eight 
m innow  traps, each  t rap  a t ta c h ed  every ten  m ete rs .  T ra p s  w ere  ba i ted  with chicken. 
T h e  d ep th s  o f  th e  set t raps  w ere  d e te rm in e d  using ech o  sounding.
T h e  trap s  lines w e re  re tr ieved  a f te r  tw en ty-four hours. T h e  c a p tu re d  crayfish 
w e re  ch eck ed  for m ark ings  and  identified  w ith  re g a rd  to  age  (juvenile  o r  adu lt)  and  
sex. Crayfish w e re  re leased  in the  g en e ra l  a r e a  o f  cap tu re .  T ra p p in g  was co n tin u ed  
until the en t i re  a r e a  a ro u n d  Saddle  Island was surveyed.
M ea n  C P T D  V a lu e
F or each  t rap  day o f  the Fall 1989 survey, a C P T D  value  was ca lcu la ted .  T h e  
m ean  C P T D  value, s ta n d a rd  deviation, s ta n d a rd  e r ro r  w e re  ca lcu la ted .
Sex R a tio
T h e  sex ra tio  o f  ad u l t  fem ales  to ad u l t  m ales  was d e te rm in e d  for the  Fall 
1989 survey. T h is  ra tio  was used to m o n i to r  sexua l-s ta te  re la tiosh ips  o f  the  crayfish 
popu la t ion .
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S T A T IS T IC A L  T E S T IN G  
C o m p a r is o n  o f  M e a n  C P T D  V a lu es
T h e  six m e a n  C P T D  values  (o n e  p re -s tock ing  value, fo u r  s tocking  values, and  
o n e  pos t-s tock ing  va lue) w ere  c o m p a re d  using a  O n e -W ay  A nalysis  o f  V arian ce  
(A N O V A ) .  If th e  A N O V A  show ed  th a t  th e  d iffe rence  in th e  m e a n  C P T D  values 
was significan t w ith  a p  -value less th an  0.05, fu r th e r  co m p ar iso n  o f  the  m ean s  was 
c o m p le te d  using th e  L eas t  S ignificant D iffe ren c e  (L S D ) M e a n  test.
C o m p ar iso n  o f  Sex R a tio s
A ch i-squa re  test (a lp h a  level = 0.05) was used to  see  if the  d is tr ibu tion  of 
the sexes w as significantly changed  du ring  the six d iffe ren t t rap p in g  periods.  A chi- 
s q u a re  tes t  (a lp h a  level = 0.05) was also used  to co m p are  the  p re -s tock ing  (1987) 
sex ra t io  w ith  th e  post-s tock ing  (1989) sex ra tio . T h e  la t te r  tes t  w ould  d e te rm in e  if 
s tocking  a f fec ted  th e  sex ra tio  o f  th e  S ad d le  Is land  crayfish p o p u la t io n .
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R E S U L T S
D A T A  S U R V E Y  F O R M  1987 S U R V E Y  
M e a n  C P T D  V a lue
D a ta  from  the L M L R C  1987 lake-w ide crayfish study y ie lded  nine C P T D  
values  (T a b le  4). T h e  m ean  C P T D  value  was 0.107.
Sex R a t io
In  th e  1987 survey, a  to ta l  o f  tw en ty-one  crayfish w e re  caugh t.  T e n  o f  these  
crayfish w e re  adu lt  fem a les  an d  e leven  w ere  ad u l t  m ales  (10 A F : 11 A M ). N o 
ju v en iles  w ere  caught in this t rap p in g  period.
N D O W / L M L R C  C R A Y F IS H  IN T R O D U C T IO N S  
In t ro d u c tio n  1 ( 'January 19881
T h e  total n u m b e r  o f  crayfish t ra p p e d  in th e  first in tro d u c tio n  was one- 
h u n d re d  fifty-six. T en  crayfish w ere  u n m a rk e d  (T a b le  5) which signifies that they 
w e re  es tab lished  in the study  a r e a  p r io r  to the stocking. A f te r  th e  late J an u a ry  
in tro d u c tio n ,  trapp ing  las ted  until ten  p e rcen t  o f  the initial ca tch  was reached .  This 
w as acco m p lish ed  in la te  F eb ru a ry ,  en com pass ing  six t ra p  days.
M e a n  C P T D  V a lue
A  C P T D  value fo r  each  t ra p  day was d e te rm in e d  (T a b le  6). T h e  m ean  o f  the 
six C P T D  values y ie lded  a m e a n  C P T D  value o f  0.217.
Sex R a tio
O f  the  o n e -h u n d red  fifty-six crayfish co llec ted  in In tro d u c tio n  1, o n e -h u n d red  
for ty-n ine  w e re  m a tu re  (T a b le  5). T h e  m ajority  w e re  fem ales ,  giving a sex ra tio  of
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T a b le  4. T ra p  d a ta  from  L M L R C  1987 trap  survey  o f  S ad d le  Island. M ea n  C P T D  
value, s tan d a rd  dev ia tion ,  an d  s tan d a rd  e r ro r  ca lcu la ted  for this trap p in g  period .
T ra p  Day 
(m o /d y /y r )
N u m b e r  of
Crayfish
C a p tu re d
N u m b e r  of 
T rap s  
Set
C P T D
1 2 /9 -1 0 /8 6 1 10 0.100
1 2 /1 0 -1 1 /8 6 0 10 0 . 0 0 0
12 /17-18 /86 7 16 0.438
1/8 -8 /S 7 n 32 0.094
2 /1 8 -1 9 /8 7 ->J ) 48 0.063
3 /1 9 -2 0 /8 7 "> 48 0.063
4 /1 3 -1 4 /8 7 0 21 0 . 0 0 0
5 /6 - 7 /8 7 2 16 0.125
7 /2 7 -2 8 /8 7 2 24 0.083
M e a n  C P T D  = 0.107; S ta n d a rd  D ev ia tion  = 0.36; S ta n d a rd  E r ro r  = 0.12.
37
T a b le  5. S u m m ary  o f  crayfish ca p tu re d  for each  o f  th e  fo u r  in troductions.
C R A Y F IS H U N M A R K IN T R O  1 I N T R 0 2 I N T R 0 3  I N T R 0 4
I N T R O  1
A F 87
1 /2 7 /8 8 - A M
->o 56
2 /2 5 / 8 8 J F 2 2
J M 2 1
10 146
IN T R O  2
A F 6 17 254
5 / 2 / 8 8 - A M 8 23 357
5 /2 4 / 8 8 J F 4 1 4
JM 1 1 1
19 42 616
IN T R O  3
A F 1 0 8 160
7 /1 5 /8 8 - A M 0 170
8 /2 5 / 8 8 J F 9 0 0 19
JM 5 0 0 14
18 0 11 363
IN T R O  4
A F 4 0 0 2 294
1 1 /1 6 /8 8 - A M 6 0 0 0 3
1 2 /1 3 /8 8 J F 2 0 0 0 3
JM 1 0 0 0 2
13 0 0 2 571
A F  = A d u lt  F em a le ;  A M  = A d u l t  M ale;  J F  = Ju v en i le  F em a le ;  JM  = Ju v en ile  
M ale.
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T a b le  6. T ra p  d a ta  from  In tro d u c tio n  1 (J a n u a ry  - F e b ru a ry  1988). M e a n  C P T D  
value, s tan d a rd  dev iation , an d  s tan d a rd  e r ro r  ca lcu la ted  for this t rap p in g  per io d .
T ra p  D ay 
(m o /d y /y r )
N u m b e r  of
Crayfish
C a p tu re d
N u m b e r  o f  
T ra p s  
Set
C P T D
1 /2 7 -2 8 /8 8 54 120 0.450
1 /2 8 -2 9 /8 8 34 120 0.283
2 /1 -2 /8 8 39 120 0.325
2 /2 -3 /8 8 14 120 0.117
2 /1 1 -1 2 /8 8 10 120 0.083
2 /2 4 -2 5 /8 8 5 120 0.042
M ean C P T D  = 0.217; S tandard  Deviation = 0.40; S tandard  Error = 0.16.
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ninety  a d u l t  fem a les  to  fifty-nine ad u l t  m a les  (90 A F : 59 A M ).
In tro d u c tio n  2 ('April 1988)
R e c a p tu r e  o f  s tocked  crayfish w as h igh  w ith  a to ta l  ca tch  o f  s ix-hundred  
seventy-seven. N in e te e n  had  no  m ark ings  (T a b le  5). T h e s e  u n m a rk e d  crayfish w ere  
e i th e r  na t ive  to  th e  study a r e a  o r  ea r ly -re lease  offspring o f  In t ro d u c tio n  1 crayfish. 
Forty-tw o o f  th e  crayfish had  m ark ings  identify ing th e m  as first in tro d u c t io n  crayfish. 
M ean  C P T D  V a lu e
Six t ra p  days w e re  necessary  to  have a  re c a p tu re  o f  ten  p e rc e n t  o r  less o f  the 
first day  catch. T h e  m e a n  C P T D  v a lu e  for In tro d u c tio n  2 was 0.940 (T a b le  7).
Sex R a t io
M o re  ad u l t  m ales  w ere  t ra p p e d  in the second  in tro d u c tio n .  O f  the  six- 
h u n d re d  fifty-five total adu lt  crayfish, th re e -h u n d re d  eighty-eight w e re  m ale. T h e  sex 
ra tio  w as tw o -h u n d red  seventy-seven w ere  ad u l t  fem a les  to th re e -h u n d re d  eighty- 
eight ad u l t  m ales  (277 AF: 388 A M ).
In tro d u c tio n  3 ('July 1988)
T h e  t rap p in g  to tal for the  th ird  in tro d u c t io n  was th re e -h u n d re d  ninety-two 
crayfish (T a b le  5). N o crayfish d isp layed  In tro d u c tio n  1 m ark ings, but e leven  had 
In troduc tion  2 markings. E igh teen  crayfish w ere  un m ark ed .
M ean  C P T D  V a lu e
T h e  n u m b e r  o f  t rap  days in c re ased  to  e igh t as ca p tu re  ra te s  re m a in e d  slightly 
over te n  p e rc e n t  (T a b le  8). T h e  m e a n  o f  th e  e igh t  t r a p  day C P T D  v a lues  w as 0.408.
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T a b le  7. T ra p  d a ta  from  In tro d u c tio n  2 (April  - M ay  1988). M e a n  C P T D  value, 
s ta n d a rd  deviation , and  s ta n d a rd  e r ro r  ca lcu la ted  fo r  this t rap p in g  period .
T ra p  D ay 
(m o /d y /y r )
N u m b e r  of 
Crayfish 
C ap tu  red
N u m b e r  of 
T ra p s  
Set
C P T D
5 /1 - 2 /8 8 183 120 1.525
5 /2 - 3 /8 8 143 120 1.192
5 /3 - 4 /8 8 99 120 0.825
5 /4 - 6 /8 8 105 120 0.875
5 /1 1 -1 2 /8 8 134 120 1.117
5 /2 5 -2 6 /8 8 13 120 0.108
M ean C P T D  = 0.940; S tandard  Deviation = 0.35; S tandard  E rro r  = 0.14.
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T a b le  8. T ra p  d a ta  from  In troduc tion  3 (July - A ugust  1988). M e a n  C P T D  value, 
s tan d a rd  dev ia t ion ,  an d  s tan d a rd  e r ro r  ca lcu la ted  for this t rap p in g  per iod .
T ra p  Day 
(m o /d y /y r )
N u m b e r  of
Crayfish
C ap tu red
N u m b e r  of 
T ra p s  
Set
C P T D
7 /1 5 -1 6 /8 8 80 120 0.667
7 /1 6 -1 7 /8 8 86 120 0.717
7 /1 7 -1 8 /8 8 75 120 0.625
7 /1 8 -1 9 /8 8 61 120 0.508
7 /1 9 -2 0 /8 8 68 120 0.567
7 /2 7 -2 8 /8 8 9 120 0.075
8 /1 0 -1 1 /8 8 9 120 0.075
8 /2 4 -2 5 /8 8 4 120 0.033
M ean  C P T D  = 0.408; S tan d a rd  D ev ia tion  = 0.48; S ta n d a rd  E r r o r  = 0.17.
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Sex R a t io
T h e  n u m b e r  o f  ad u l t  m ales  was slightly h igher  th a n  th e  n u m b e r  o f  adult 
fem a les  c a p tu re d  af te r  th e  th ird  in tro d u c t io n .  W ith  o n e - h u n d re d  sixty-nine fem ales  
o u t  o f  th re e -h u n d re d  forty-five m a tu re  crayfish, th e  sex ra tio  w as o n e -h u n d re d  sixty- 
n in e  ad u l t  fem a les  to  o n e -h u n d re d  seventy-six ad u l t  m a les  (169 A F : 176 A M ). 
In t ro d u c t io n  4 (N o v e m b e r  19881
In th e  fourth  in t roduc tion ,  trap p in g  y ie lded  f ive-hundred  eighty-six crayfish. 
T w o  sp ec im e n s  had  b een  in t ro d u ce d  in th e  prev ious stocking, and  th ir teen  were 
u n m a rk e d .  T h e r e  w ere  no crayfish t ra p p e d  from  the  J a n u a ry  o r  A pril  in troduc tions  
(T a b le  5).
M e a n  C P T D
T h e  five-hundred  eighty-six crayfish w e re  c a p tu red  in five t r a p  days. T h e  
m e a n  C P T D  va lue  was 0.977 for the  final in tro d u c tio n  (T a b le  9).
Sex R a t io
A f te r  th e  last in troduction ,  f iv e -h u n d red  seventy-eight o f  th e  crayfish w ere  
m a tu re .  O f  this total,  tw o -h u n d red  seven ty-eigh t crayfish w e re  adu lt  m ales  and  
th re e -h u n d re d  w e re  adu lt  fem a les  (300 A F : 278 A M ) (T a b le  5).
F A L L  T R A P P I N G  1989 
M e a n  C P T D  V a lu e
Five t ra p  days w ere  necessa ry  to  t rap  th e  a r e a  a ro u n d  S ad d le  Island. A  total 
o f  s ev en ty - th ree  crayfish w e re  co llec ted . T h e  m ean  C P T D  v a lu e  fo r  the Fall 
T ra p p in g  1989 w as 0.117 (T a b le  10).
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T a b le  9. T ra p  d a ta  from  In t ro d u c t io n  4 (N o v e m b e r  - D e c e m b e r  1988). M ean  C P T D  
value ,  s tan d a rd  deviation , an d  s ta n d a rd  e r ro r  ca lcu la ted  for this t rap p in g  period.
T ra p  Day 
(m o /d y /y r )
N u m b e r  of
Crayfish
C a p tu re d
N u m b e r  of 
T ra p s  
Set
C P T D
1 1 /1 6 -1 7 /8 8 250 120 2.083
1 1 /1 7 -19 /88 191 120 1.592
1 1 /1 9 -2 0 /8 8 104 120 0.867
1 1 /2 8 -2 9 /8 8 27 120 0.225
1 2 /1 2 -1 3 /8 8 14 120 0.117
M ean C P T D  = 0.977; S tandard  D eviation = 0.77; S tandard  E rro r = 0.34.
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T a b le  10. T ra p  d a ta  f ro m  F all  T ra p p in g  1989 o f  S ad d le  Is land . M ean  C P T D  value, 
s ta n d a rd  dev ia tion , an d  s ta n d a rd  e r ro r  ca lcu la ted  for this t rap p in g  period .
T ra p  Day 
(m o /d y /y r )
N u m b e r  o f
Crayfish
C a p tu re d
N u m b e r  o f  
T ra p s  
Set
C P T D
8 /6 -7 /8 9 4 128 0.031
8 /7 -8 /8 9 2 128 0.016
8 /8 -9 /8 9 3 128 0.023
8 /9 -1 0 /8 9 37 128 0.289
9 /2 7 -2 8 /8 9 27 120 0.225
M ean C PTD  = 0.117; S tandard  D eviation = 0.36; S tandard  E rro r = 0.16.
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Sex R a t io
O u t  o f  a  to ta l  o f  seven ty - th ree  crayfish c a p tu re d  in th e  last t rap p in g  period ,  
forty-two w e re  ad u l t  fem a les  and  th ir ty -one  w e re  ad u l t  m ales  (42 A F :  31 A M ).
C O M P A R I S O N  O F  T H E  M E A N  C P T D  V A L U E S
T h e  six m e a n  C P T D  values w e re  c o m p a re d  using a O n e -W a y  Analysis  o f  
V a r ian ce  (A N O V A ) .  T h e  m ean s  w e re  fo u n d  to  b e  significantly d iffe ren t  (F ig u re  9). 
T h e  F -v a lu e  w as 6.277 with o f  p -va lue  o f  0.5326 x 10 E-03. A s this p -va lue  is m uch 
below  0.05, a L ea s t  Significant D iffe ren ce  by S tu d e n t ’s T  (L S D ) tes t  was co m p le ted  
to c o m p a re  individual C P T D  m ean s  to  each  o ther .  T h e  L SD  test  ( a lp h a  level = 
0.05) rev ea led  tha t  th e  C P T D  m ean  va lues  o f  the second  an d  fo u r th  in troduc tions  
w ere  significantly  d ifffe ren t from  th e  o th e r  m e a n  C P T D  values, ho w ev er  they w ere  
not s ignificantly  d if fe ren t  f rom  each  o th e r .  T h e  m e a n  C P T D  values  f ro m  the  1987 
survey, th e  first a n d  th ird  in troductions,  an d  th e  1989 survey w e re  no t  significantly 
d ifferent.
C O M P A R I S O N  O F  S E X  R A T IO S
T h e  sex ra tio s  o f  adu lt  fem ales  to  ad u l t  m ales  over the  six t rap p in g  per io d s  
w ere  c o m p a re d  using a ch i-square  test. T h e  ch i-sq u a re  value  w as 26.002, which was 
m uch g re a te r  th an  th e  critical va lue  o f  11.1 (a lp h a  level = 0.05) (T a b le  11). T h e  
d is tr ibu tion  o f  ad u l t  fem ales  to ad u l t  m ales  ch an g ed  significantly o v er  the six 
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Figure 9. Mean CPTD values compared using a One-Way ANOVA and LSD Mean 
test. Actual CPTD values were multiplied by 1000 for improved graphic presentation. 
* represents significance with g-value < 0.05.
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T a b le  11. S u m m ary  o f  ad u l t  sex d is tr ibu tions  for th e  six t r a p p in g  per iods .  C h i-square  
tes t  resu lts  for co m p ar iso n  o f  all d is tr ibu tions  an d  ch i-sq u a re  tes t  results  for 
co m p ar iso n  o f  p re -s tock ing  an d  post-s tocking  dis tr ibu tions.
T ra p p in g
P eriod
N u m b e r  of 
A d u lt  M ales
N u m b e r  of 
A d u l t  F em ales
1987 11 10
In tro d u c tio n  1 59 90
In tro d u c tio n  2 388 277
In tro d u c tio n  3 176 169
In tro d u c tio n  4 278 300
Fall 1989 31 42
C h i-sq u a re  test o f six d istr ibu tions:
C h i-sq u a re  va lue  = 26.002; Critical value  = 11.1; D e g re e s  o f  f reed o m  = 5.
Significant.
C h i-sq u a re  test o f  p re -s tock ing  an d  post-stocking d is tr ibu tions:
C h i-sq u a re  va lue  = 0.635; Critical va lue  = 3.84; D e g ree s  o f  f re ed o m  = 1. N ot
signficant.
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A n o th e r  ch i-sq u a re  tes t  (a lp h a  level = 0.05) was used  to c o m p a re  the 
d is tr ibu tions  o f  th e  sexes b e fo re  an d  a f te r  th e  in tro d u c tio n s .  T h e  ch i-squa re  value  
was 0.635, m u ch  less th a n  th e  critical va lue  o f  3.84. T h e  p re -s tock ing  an d  p o s t ­
s tock ing  sex ra tios  o f  ad u l t  fem a les  to  ad u l t  m a le s  d id  n o t  d iffe r  significantly (T a b le  
11).
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D IS C U S S IO N  
M E A N  C P T D  V A L U E S
T h e  m e a n  C P T D  values  fo r 1987 a n d  1989 did n o t  d iffer s ignificantly  (F igure  
9) ind ica ting  th a t  th e  crayfish stockings w e re  n o t  successful in increas ing  the  crayfish 
p o p u la t io n  a ro u n d  Sadd le  Island.
T h e  in tro d u c t io n s  only in c re a sed  th e  p o p u la t io n s  on a s h o r t - te rm  basis. T h e  
second  a n d  fo u r th  in tro d u c tio n s  h ad  significantly  g re a te r  m e a n  C P T D  values. T h e  
m e a n  w a te r  co lu m n  te m p e ra tu re s  a t  th e se  s tocking  per io d s  w e re  a t  o r  n e a r  op tim al 
te m p e ra tu re s  (19 - 22 ° C). A t  these  te m p e r a tu re s  crayfish w ould  b e  m o re  active 
an d  m o re  likely to  be trap p ed .  In co ld e r  te m p e ra tu re s ,  as in th e  first s tocking  in 
J a n u a ry  (m e a n  w a te r  co lu m n  t e m p e r a tu re  = 12.12 ° C), crayfish w ou ld  have  s low er 
m e tab o l ism  ra te s  an d  b e  less active. T h e  w a rm e r  w a te r  t e m p e r a tu re s  (27.98 0 C) of 
th e  th ird  in t ro d u c t io n  in July m ay have  cau sed  crayfish to  m ig ra te  to  coo ler ,  m ore-  
oxygena ted  w a te rs  (K o n ik o ff  1977).
In successive in troductions, lake levels d ro p p e d  (F igu re  7), resu lt ing  in loss 
o f  cover an d  food. T h e  crayfish m ay have m ig ra ted  to m o re  fav o rab le  habitat.  
S o m e  o f  th e  s to ck ed  crayfish w e re  t ra p p e d  o v er  tw o -h u n d red  m e te r s  aw ay from  the 
a r e a  o f  in t ro d u c t io n  only thirty-six h o u rs  a f te r  th e  stocking. Low ery  a n d  M en d es  
(1977) t ra c ed  th e  co lon iza tion  o f  P ro c a m b a ru s  clarkii in L ak e  N aivasha ,  K enya  by 
m o v em en t  o f  crayfish a long the  litto ra l  zone . D u r in g  a two y ea r  per io d ,  crayfish 
ex ten d ed  th e ir  sh o re l in e  d is tr ibu tion  twenty to  twenty-five k i lom e te rs .  N o n e  o f  the 
crayfish t r a p p e d  in  1989 had  m ark ings  f ro m  the  stockings, b u t  it is poss ib le  tha t  
crayfish co u ld  m ig ra te  a ro u n d  the  island.
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D u rin g  th e  t rap p in g  survey  in  th e  fall o f  1989, a  m ajo ri ty  o f  th e  crayfish w ere  
t r a p p e d  o n  th e  eas t  s ide o f  S ad d le  Is land  (stockings w e re  o n  th e  w est s ide) a t  d ep th s  
o f  u p  to  29 m ete rs .  M o st  o f  th e  crayfish l i te ra tu re  r e p o r t  crayfish in shallow  w ate rs  
(less th an  ten  m ete rs) .  H o w ev er ,  A b ra h a m s s o n  an d  G o ld m a n  (1970) found  
Pac ifa s tacus  len iusculus as d e e p  as tw o -h u n d red  m e te rs ,  b u t  r e p o r t  th e  m ajority  of 
th e  p o p u la t io n  was loca ted  a t  d ep th s  b e tw e e n  ten  an d  tw en ty  m e te rs .  Pacifastacus 
len iuscu lus  is a  cold w a te r  crayfish, P ro c a m b a ru s  clarkii is a  w a rm  w a te r  crayfish. 
T h a t  P. clarkii was found  a t  d e p th s  o f  29 m e te rs  is r e m a rk a b le .
As P. clarkii w ere  r e p o r te d  to  in h ab i t  shallow  w a te r ,  t rap s  w e re  never set very 
d e e p  in p rev ious  s tud ies of  L a k e  M e a d  (L M L R C  u n p u b l ish ed  d a ta  1987). T h e re fo re  
it is no t  ce r ta in  tha t  P ro c a m b a ru s  clarkii w ere  lo ca ted  in d e p th s  up to  twenty-nine 
m e te r s  p r io r  to  the  stockings. F o o d  hab it  s tudies o f  s t r ip ed  bass in L ake M ead  
s u p p o r t  th a t  the crayfish have lived a t th ese  dep ths . N D O W  (1983) an d  W ilde  and  
P au lso n  (1989) re p o r te d  th a t  crayfish co m p rised  a m a jo r  c o m p o n e n t  o f  L ake  M ead  
s t r ip ed  bass ('M o ro n e  saxati l is ') d ie ts  f ro m  A pril  th ro u g h  J u n e .  D u r in g  this season, 
L ak e  M e a d  is stratifying. As ep il im n e tic  te m p e ra tu re s  an d  levels o f  d issolved oxygen 
b e c o m e  in to le rab le ,  the  s tr iped  bass a r e  re s tr ic ted  to  d e p th s  o f  fifteen to twenty- 
five m e te r s  (P au lson  and  B a k e r  1987). T h e  crayfish m ust  have b e e n  this d ee p  in 
o rd e r  for th e se  p re d a to rs  to  co n su m e  them . A s the  p e a k  p re d a t io n  on  crayfish by 
s t r ip ed  bass co incides with a p e a k  crayfish rep ro d u c t io n  season , crayfish p opu la t ion  
g ro w th  w ould  be affec ted  by p red a t io n .  This  ind ica tes  th a t  p re d a t io n  is a limiting 
fac to r  to crayfish p o p u la t io n s  a t this d ep th .
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T h e  food  so u rces  in L ak e  M e a d  a t  th e se  d ep th s  ( twelve to  tw enty-n ine 
m e te r s )  a r e  p rim ari ly  p e r ip h y to n  (P h o rm id iu m  sp. an d  C la d o p h o ra  sp.). T h e  lower 
te m p e ra tu re s  an d  pau c ity  o f  food  w ou ld  re su lt  in  lo w er  g row th  an d  rep ro d u c t io n  
ra te s  (M o m o t  1984).
P. clarkii in h ab it in g  sha llow  w a te rs  m ay b e  l im ited  by w arm , anoxic conditions  
an d  lack o f  food  an d  cover. P. clarkii inhab it ing  d e e p e r  w a te rs  m ay  be l im ited  by 
p re d a t io n ,  low n u tr ien ts ,  an d  re d u c e d  grow th  a n d  r e p ro d u c t io n  ra te s  due  to  low 
te m p e ra tu re s .  L o w  p roduc tiv ity  is th e  co m m o n  fa c to r  o f  b o th  shallow  an d  d e e p  
w a te rs  a ro u n d  S ad d le  Island.
M ost in tro d u c tio n s  o f  P. clarkii have b e e n  ex trem ely  successful (H u n e r  1977, 
L ow ery  an d  M en d e s  1977), bu t th e  in troduc tions  to  a u g m e n t  the  P. clarkii 
p o p u la t io n  a t Sadd le  Is land was not. T h e  en v iro n m e n t  o f  this a r e a  evidently  will not 
su p p o r t  a  large  P ro c a m b a ru s  clarkii popu la t ion .
S E X  R A T IO S
C hi-square  tes ting  o f  the  d is tr ibu tions o f  ad u l t  m ales  to adu lt  fem ales  
rev ea led  significant d iffe rences  over  the  six t rap p in g  p e r io d s  (T a b le  11). A verage  
sex ra tio s  a re  ap p ro x im a te ly  o n e  ad u l t  fem a le  to  o n e  ad u l t  m a le  (1 A F: 1 A M ) in 
na tive  P. clarkii p o p u la t io n s  (P e n n  1943, S h ep p a rd  1974, R h o d e s  an d  A vault  1987). 
T h e  1987 sex ra tio  e n c o m p a ssed  app rox im a te ly  a  y ea r  an d  was close to  a  one  to one  
ra tio .  T h e  o th e r  t rap p in g  p e r io d s  w ere  sh o r te r  an d  re f lec ted  seasona l  changes in 
the  sexual s ta te  o f  the crayfish popu la tion .
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In  In t ro d u c tio n  1 m o re  ad u l t  fem ales  th a n  a d u l t  m a les  w e re  trap p ed .  A t  this 
t im e  o f  y ea r  (January ) ,  w a te r  t e m p e ra tu re s  lim it activity o f  crayfish (H u n e r  and  B arr  
1984). A d u l t  m ales  a r e  likely to  b e  F o rm  II m ales,  w hich  a r e  less aggressive an d  less 
ac tive  th an  F o rm  I m ales .  A d u l t  fem a les  a re  less likely to  b e  in b e r ry  an d  a re  m o re  
ac tive  th a n  w h e n  ov igerous  (S te in  1977). F em a le s  a re  in  a  m o re  active life stage, 
m ales  a r e  not. T hus ,  fem a les  a r e  m o re  likely to  b e  sea rch in g  fo r food  an d  be 
t rap p e d .
M o re  adu lt  m ales  than  ad u l t  fem ales  w e re  t ra p p e d  in th e  second  in troduction  
(A pril) .  In the beg inn ing  o f  the  spring  rep ro d u c tiv e  peaks ,  a m ajority  o f  m ales 
w ould  be  F o rm  I an d  b e  actively hun ting  and  m ating . F e m a le s  th a t  a re  in berry  
w ould  be  less active an d  m o re  likely to  seek  sh e l te r  (S te in  1977). T hus  spring 
re p ro d u c t io n  w ould  resu lt  in the  n u m b e r  o f  ad u l t  m a les  t ra p p e d  to  exceed  the 
n u m b e r  o f  adu lt  fem a les  t rap p ed .
In In tro d u c tio n  3 (July), th e  sex ra tio  was n ea r ly  o n e  to  o ne .  M any  fem ales  
w ould  no  longer  b e  in b e r ry  an d  w ould  b e  active. W ith  b o th  sexes in active life
stages, a  o n e  to o n e  sex ra tio  is to  b e  expected .
By la te  fall ( In tro d u c t io n  4), th e  m a tu re  fem a les  t r a p p e d  o u t-n u m b e re d  the  
m a tu re  m ales  t rap p ed .  P e n n  (1943) re p o r ted  a  "die o f f  o f  m ales  in the fall due  to 
rep ro d u c t iv e  exhaustion . T h is  m ay accoun t  for th e  fall ra tio .
In the 1989 trap p in g  survey, m o re  adu lt  fem a les  w ere  ca p tu re d  than adu lt
m ales.  As in the  final s tocking, this t rap p in g  p e r io d  was in the fall. T h e  adult  m ale
p o p u la t io n  m ay have  b e e n  d e c re a se d  due  to re p ro d u c t iv e  exhaustion .
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A  ch i-squa re  te s t  w as also  u sed  to  c o m p a re  th e  p re -s to ck in g  a n d  post-s tocking  
d is tr ibu tions  of ad u l t  fe m a le s  to  ad u l t  m ales.  T h e r e  w as  n o  significant d iffe rence  in 
the  d is tr ibu tions. T h e  overall  sex ra tio  o f  m a tu re  m a le s  to  m a tu r e  fem ales  w as not 
s ignificantly a l te red  by the  stockings. T h e  sex ra tio s  th ro u g h o u t  the  study indicate  
th a t  L a k e  M e a d  crayfish r e p ro d u c t io n  is s im ilar  to  re p ro d u c t iv e  cycles in native P. 
c larkii hab ita ts .
S U IT A B IL IT Y  O F  C R A Y F IS H  S P E C IE S  IN  L A K E  M E A D
O th e r  P ro c a m b a ru s  clarkii in troductions  have re su lted  in s ignificant increases 
in p o p u la t io n s  (H u n e r  1977, L ow ery and  M en d e s  1977). In t ro d u c tio n s  of P. clarkii 
did  n o t  significantly inc rease  th e  p o p u la t io n  in  this s tudy. T h e  crayfish p o p u la t io n  
in L a k e  M e a d  is very  low; neve rthe less ,  it is surviving. S evera l  fac tors  m ay be  
lim iting the L ak e  M e a d  P. clarkii p o p u la t ion .  S o m e  b io logists  be lieve  o th e r  species 
m ay be m o re  su i ted  to L ak e  M ead .
I surveyed crayfish d is tr ibu tiona l  l i te ra tu re  to  c re a te  a m ode l  o f  crayfish 
g e n e ra  in re la t io n  to  lake  hab i ta ts  (see  A ppend ix ) .  T h is  m o d e l  ind ica ted  th a t  
P ro c a m b a ru s  is n o t  a  su i tab le  crayfish genus  fo r  L a k e  M ead .
T h e  m o d e l  show  th a t  O rc o n ec te s  sp. a r e  d is t r ib u te d  in widely varied  lake 
hab ita ts .  D is tr ibu tiona l  m ap s  (H o b b s  1988) show  th a t  O rc o n e c te s  have the largest 
N o rth  A m er ican  d is tr ibu tion  in co m p ar iso n  to o th e r  crayfish gene ra .  T h e i r  
d is tr ib u tio n  ex tends  n o r th  to eas t-cen tra l  A lb e r ta ,  C a n a d a ,  sou th  to the  G u l f  o f 
M exico, w est to  w e s te rn  M o n tan a ,  an d  eas t  to th e  A t lan t ic  C oast .  O rco n ec te s  has 
b e e n  in tro d u ced  in  O re g o n  an d  C alifo rn ia  (M o m o t  1988). O rc o n ec te s  is a
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eu ry h ab i ta t  g en e ra  an d  m ight be  successful in L a k e  M ead .
O rc o n ec te s  virilis and  O rc o n ec te s  rusticus a r e  co m m o n ly  in tro d u ce d  spec ies  
( M o m o t  1988). O. rusticus  a re  ex trem ely  aggressive an d  successfully c o m p e te  with 
O. virilis (C ape ll i  1982). U n fo r tu n a te ly  O. rusticus  is so aggressive it is destroy ing  
th e  fo o d  ch a in  in  lakes  in  W isconsin  (L odge  et.al. 1985). It  e l im in a tes  m acro p h y tes  
an d  co n su m es  fish eggs. L o d g e  et.al. (1985) o b se rv ed  th a t  this spec ies  even  a t tack ed  
g a m e  fish p red a to rs !  In t ro d u c tio n  o f  O. rusticus  in to  L a k e  M ea d  might be  
d e le te r io u s  to th e  dec lin ing  g a m e  fishery.
O. virilis is m u ch  less aggressive th an  O. ru s t icu s . M o m o t  (1984) rep o r ts  tha t
O. virilis p ro d u c e  la rg e r  yields an d  b iom ass  in  lo w -n u tr ien t  lakes th an  in high- 
n u t r ien t  lakes o f  s im ila r  size. T h is  spec ies lives ap p ro x im a te ly  th ree  years  and  has 
a  s low er grow th ra te  an d  fecundity  than  P. c la rk i i . H ow ever ,  the sm alle r  crayfish 
m ay p ro v id e  b e t te r  fo rage  for su b ad u l t  g am e  fish as they  w ould  be ea s ie r  to swallow. 
T h e  c o m b in a t io n  o f  in c reased  b iom ass  in  lo w -nu tr ien t  w a te rs  a n d  a  slower, longer  
g row th  ra te  m ay e n a b le  O. virilis to  b e  the  bes t-su i ted  crayfish spec ies  for  L ak e  
M ead .
E N V I R O N M E N T A L  IM P A C T S  O F  I N T R O D U C E D  S P E C IE S
In tro d u c tio n s  o f  exotic crayfish m ust be  co n s id e red  carefully. Crayfish can 
be  vec to rs  for v iruses o r  pa ras i te s  w hich  m ay e l im in a te  o th e r  species.  A m er ican  
crayfish a re  im m u n e  to th e  crayfish p lague, b u t  E u r o p e a n  crayfish a re  not. W hen  
Pacifas tacus leniusculus w as b ro u g h t  into Sw eden, the  E u ro p e a n  species, A stacus 
as tacus  was partia lly  e l im in a ted  (U n e s ta m  1975). U n e s ta m  (1975) also p roposed
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th a t  crayfish m ay  b e  m ech a n ica l  vec to rs  o f  v iruses h a rm fu l  to  g a m e  fish.
D es tru c t io n  o f  h ab i ta t  is a lso  a  m a jo r  co n cern  w h en  in troduc ing  crayfish. 
Crayfish  m ay  d is turb  fish nests , spaw ning  areas , o r  d rastica lly  re d u ce  cover for o th e r  
spec ies  (H u n e r  1977, L o d g e  et.al.  1985, U n e s ta m  1985). C rayfish  can  also d am ag e  
s t ru c tu re s  such as levees an d  e a r th e n  d am s (P e n n  1956, G rig a r ick  an d  W ay 1982, 
S o m m e r  an d  G o ld m a n  1983, S o m m e r  1984).
L a k e  M ea d  g a m e  fish could  b e  suscep tib le  to  d iseases  ca rr ied  by exotic 
crayfish. D e s tru c t io n  o f  h ab i ta t  w ould  also affect th e  fishery. H o w ev er ,  the  fishery 
has  survived th e  in tro d u c t io n  o f  P ro c a m b a ru s  clarkii a n d  m ay  b en e f i t  with an 
in t ro d u ce d  b e t te r -su i ted  fo rage  species.
A n o th e r  co n ce rn  w ould  b e  th e  poss ib le  sp re ad  o f  a n  exotic crayfish species 
into river d ra in ag es  such as th e  Virgin R iver.  T h e  V irg in  R iv e r  d ra in s  into the 
U p p e r  O v e r to n  A rm  o f  L ak e  M ead .  T h e  Virgin R iv e r  is the  rem a in in g  natura l
h ab i ta t  fo r  ra re  an d  e n d a n g e re d  fish such as th e  w oundfin  ( P lagop terus
a rg en t iss im u s). the  Virgin ro u n d ta i l  ch u b  (G ila  ro b u s ta  s e m in u d a ). an d  the Virgin 
sp in e d a c e  (L e p id o m e d a  m ollisp in is) (D e a c o n  1988). A n y  d isease  o r  d es tru c tio n  of 
h ab i ta t  in this river system  m ay e l im in a te  these  species.
B e fo re  in troduc ing  a new  spec ies  such as O rc o n e c te s  virilis in to  L ake  M ead, 
m o re  re sea rch  m ust be  d o n e  to  d e te r m in e  the  im pacts  o f  such  a n  in troduction .
E n c lo s u re  ex p e r im en ts  w ith  en v i ro n m e n ta l  cond it ions  m ir ro r in g  L ak e  M ead
co n d it io n s  shou ld  b e  u sed  to  d e te rm in e  how  well th e  new  spec ies  can  ad a p t  to its 
n ew  en v iro n m en t.
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P atho log ica l  investiga tions shou ld  b e  co m p le te d  to  co n tro l  o r  e rad ica te  any 
d iseases  o r  pa ras i te s  th a t  m igh t be  t ra n sm it te d  by th e  crayfish. F o o d  h ab it  s tud ies 
sh o u ld  ex am in e  th e  im p ac t  o n  L a k e  M e a d  m acro p h y tes ,  de tr i tus ,  and  ben th ic  
o rgan ism s. T h e s e  food  h ab i t  s tud ies  sh o u ld  also inv es t iag a te  ho w  th e  exotic species 
affects  th e  food  cha in  an d  h o w  it co m p e te s  w ith  o th e r  g razers.
C u r re n t  o r ir r iga t ion  d am s  m ay  p re v e n t  th e  crayfish from  m ig ra t in g  up the 
d ra in a g e  system. L a b o ra to ry  re se a rc h  involving c u r re n t  velocity  w ould  a id  in 
d e te rm in in g  the p robab ili ty  o f  u p s trea m  m igration  in th e  V irgin  R iv er  System. An 
asse ssm e n t  o f  any im pacts  shou ld  be  m a d e  b e fo re  in tro d u c in g  a  new  spec ies  an d  the 
p oss ib le  co n seq u en ces  m u s t  b e  w e ig h ed  with care.
C O N C L U S IO N S
T h e  following a re  the conc lusions o f  this study:
1. In tro d u c tio n s  o f  P ro c a m b a ru s  clarkii did n o t  in c rease  the  popu la t ion .  
T h e  crayfish p o p u la t io n  g row th  is l im ited  by e n v i ro n m e n ta l  cond itions  and  
fu r th e r  stockings o f  this spec ies  a re  no t  r e c o m m e n d e d .
2. A pane l o f  m a n a g e m e n t  agency officials, f ishery biologists, and  co n ce rn ed  
ecologists shou ld  d e te rm in e  if a  large crayfish p o p u la t io n  is des irab le  for 
th e  g am e  fishery o f  L ak e  M ea d  and  if th e  b en e f i ts  o f  in tro d u c in g  an  exotic 
crayfish p o p u la t io n  ou tw eigh  any possib le  eco log ical effec ts  on  the  river 
system.
3. If the  pane l  d ec id e s  to  stock a  new  crayfish spec ies ,  O rc o n e c te s  virilis 
ap p e a rs  to be the  spec ies  best-su ited  for L ak e  M ead .
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A P P E N D IX
P ro c a m b a ru s  clarkii a re  n o t  a n  e n d e m ic  spec ies  in L ake  M ead .  T h ese  
crayfish h av e  a  w ide  to le ra n ce  o f  h a b i ta t  cond itions . T h e  en v iro n m e n ta l  cond itions  
o f  L ak e  M e a d  s u p p o r t  a  P. clarkii p o p u la t io n ,  b u t  n o t  a  thriving p o p u la t io n .  O th e r  
species o f  crayfish re q u ire  o r  to le ra te  d if fe ren t  hab ita ts .  I t  is possib le  th a t  a species 
o f  crayfish o th e r  th an  P. clarkii is m o re  su i ted  to  th e  L ak e  M e a d  hab ita t .  An 
ecological m o d e l  o f  chem ica l  an d  physical cond it ions  o f  lakes  could aid in p red ic t in g  
w h a t  crayfish w ould  b e  su i tab le  for a specific lak e  b ase d  on those  conditions.
T h e  l i te ra tu re  w as surveyed  to  find specific c ita t ions  o f  spec ies  o f  crayfish in 
specific o r  n a m e d  lakes. ( A  list o f  re fe re n ces  rev iew ed  is a t  th e  en d  o f  th e  append ix .)  
P h o n e  surveys an d  le t te r  surveys w e re  g iven to  agencies  th a t  w ould  have limnological 
d a ta  on  th ese  lakes. (A  list o f  re spond ing  ind iv iduals  a t those  agencies  is included 
with the  re fe re n ces  a t th e  end  of the  append ix .)  A s m any  of the  lakes had  not been  
stud ied ,  n o t  all o f  th e  in fo rm a tio n  could  b e  o b ta in ed .  D a ta  was re tu rn e d  o n  a  total 
o f  seven ty -seven  lakes. T h e r e  is no  n a t io n a l  s ta n d a rd  o f  m easu r in g  lake d a ta  o r  even 
w h a t  p a r a m e te r s  a re  to  b e  exam ined . B ecau se  o f  this inconsistency, m an y  d a ta  
po in ts  w e re  missing.
M an y  physical o r  chem ica l  factors  could  n o t  b e  ex am in ed  d u e  to  missing d a ta  
points . T ro p h ic  s ta tu s  indices (TSI), w e re  d e te rm in e d  on availab le  secchi dep th ,  
chlorophyll-a ,  a n d  to ta l  p h o sp h o ru s  levels (C a r lso n  1977). A  m ean  T SI w as then  
ca lcu la ted  for each  lake. T o  analyze th e  m ax im u m  n u m b e r  o f  lakes, the  factors  used 
w e re  la t i tude ,  e leva tion ,  m ax im um  d ep th ,  m e a n  d ep th ,  an d  m ean  TSI. A  principa l 
c o m p o n e n t  analysis (P C A ) was used  to  ana lyze  th e se  factors  in sixty-six lakes.
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P rinc ipa l  c o m p o n e n t  o n e  (P C I )  an d  p r in c ip a l  c o m p o n e n t  two (P C 2) co m p rised  78.5 
p e rc e n t  o f  th e  v a r ian ce .  H igh  positive v a lues  o f  P C I  r e p re s e n te d  so u th e rn ,  high 
e leva tion ,  d ee p ,  less p ro d u c tiv e  lakes. N eg a t iv e  v a lues  o f  P C I  re p re s e n te d  no rth ern ,  
low e leva tion ,  shallow, p roduc tive  lakes. H ig h  posit ive  values  o f  P C 2 re p re sen te d  
so u th e rn ,  h igh e leva tion ,  shallow, p ro d u c tiv e  lakes;  w hile  negative  values  ten d ed  
tow ard  n o r th e rn ,  low elevation , deep ,  less p ro d u c tiv e  lakes.
A  b iv a r ia te  p lo t  o f  P C I  and  P C 2  has  fo u r  q u a d ra n ts  (F ig u re  10). In q u a d ra n t  
o n e  ( Q l ) ,  as po in ts  b e c o m e  m ore  d is tan t f rom  the  origin, lakes tend  to be sou thern ,  
high in e leva tion ,  deep ,  and  produc tive .  In q u a d ra n t  two (Q 2), lakes  a re  fu r th e r  
n o r th  in  la t i tu d e ,  high in e levation, d eep ,  an d  less p roduc tive .  Q u a d r a n t  th re e  (Q 3) 
lakes a r e  n o r th e rn ,  low e levation , shallow  an d  less p roduc tive .  Q u a d r a n t  fo u r  (Q 4) 
re p re sen ts  so u th e rn ,  low elevation , shallow, p ro d u c tiv e  lakes.
In  th e  b iv ar ia te  p lo t o f  P C I  an d  PC2, m o s t  o f  th e  lakes  with P ro c a m b a ru s  sp. 
a re  fo u n d  in th e  fo u r th  q u a d ra n t  (F ig u re  11). T h e  po in ts  a re  n e a r  the origin which 
reflects  th a t  this g enus  o f  crayfish a re  lo ca ted  in shallow, low e leva t ion  lakes, bu t  are  
not l im ited  to  ex trem ely  p roduc tive  s o u th e rn  areas .  L ak e  M ea d  lies in q u a n d ra n t  
one. Its lo ca t io n  n e a r  th e  x-axis reflec ts  th a t  it is n o t  as p roduc tive  o r  sou th  in 
la t i tu d e  as o th e r  poin ts  in this q u ad ran t .  Its pos i t ion  in regard  to lakes with 
P ro ca m b a ru s  sp. is d istant.  Lakes with O rc o n e c te s . P ac ifas tacus . o r  C am  b a r  us 
spec ies a re  m u ch  c loser in position.
O n e -W a y  A N O V A  tests w ere  u sed  to  tes t  d iffe rences  in P C I  a n d  P C 2  in the  
d iffe ren t  crayfish g en e ra .  P C I  was significantly  d if fe ren t  (F  = 28.5, p  < 0.0005), 
how ever  P C 2  w as n o t  significantly d if fe ren t  b e tw e e n  g e n e ra  (F  = 1.33, p  > 0.25).
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Figure 11. Bivariate plot of Principal Component 1 and Principal Component 2. 
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T h e  significance o f  P C I  ind ica tes  th a t  this m o d e l  ca n  a id  in  p red ic t in g  su itability  o f  
crayfish g e n e ra  in  lak e  en v iro n m en ts .  A  g re a te r  n u m b e r  o f  d a ta  po in ts  w ould  
im prove  th e  m o d e l ,  b u t  po in ts  w e re  no t  ava ilab le  a t  this tim e . A ccord ing  to  this 
m odel,  P ro c a m b a ru s  sp. p o p u la t io n s  w ould  n o t  b e  su i tab le  fo r L ak e  M ead. 
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